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Abstract. The aim of this study was the optimization of a lidocaine-based film formulation for the
prevention of pain from needle prick during the injection of local anesthetic in dentistry. Film perfor-
mances were evaluated in vitro by studying lidocaine permeation across pig esophageal epithelium as
model for nonkeratinized buccal mucosa. The results obtained showed that the molecular weight of the
film-forming polymer had no effect on lidocaine transport. The introduction of the adhesive Plastoid® into
the film determined a significant increase of drug permeation rate, which was further improved by the
addition of Azone®. On the contrary, the effect of sodium taurocholate was negligible.
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INTRODUCTION

Pain from needlestick during local anesthetic injection is
described as the major deterrent to dental care for many
patients, especially in pediatric age (1). The application of
topical anesthetics to the oral mucosa to reduce the discomfort
before the injection is a very common practice in dentistry (2).
Lidocaine hydrochloride is the most important amide local
anesthetic, characterized by a rapid onset of action (15–
30 min) and, together with benzocaine, is the most commonly
topically used agent. Different studies demonstrated its effica-
cy in reducing the discomfort of intraoral local anesthetic
injections compared to placebo (3–6). The efficacy in reducing
pain was also demonstrated in comparison to other anesthetic
agents, in particular benzocaine (4).

In most cases, the formulations used for topical anesthe-
sia are solutions or gels, whose main drawback is the lack of
bioadhesiveness. This means reduction of contact time and
efficacy, and dilution by the saliva, that leads to an unpleasant
taste and discomfort for the patient. These problems may be
reduced by using bioadhesive films that, with their small size
and thickness, may improve patients’ compliance.

The aim of this work was the optimization of a lidocaine-
based film formulation for the prevention of pain from needle
prick during the injection of local anesthetics in dentistry. The
effect of film-forming polymer molecular weight of the adhe-
sive Plastoid® E35H and of permeation enhancers was
studied. An additional objective was to evaluate the effect of
occlusion on lidocaine transport. Lidocaine permeation was
studied across pig esophageal epithelium as model for
nonkeratinized buccal mucosa.

EXPERIMENTAL

Materials

Lidocaine hydrochloride (molecular weight (m.w.)
270.33) was a gift of Lisapharma S.p.A. (Erba, Italy). Polyvi-
nyl alcohol (PVA), m.w. 83,400 and 115,000 and degree of
hydrolysis 87%, was obtained from Nippon Gohsei (Osaka,
Japan). Azone® was from Netqem (Durham, NC, USA) and
Na taurocholate from Sigma (St Louis, MO, USA). Plastoid®

E 35 H was prepared according to the protocol of Rofarma:
Eudragit® E 100 (15.9%, w/w, Rohm, Darmstadt, Germany),
lauric acid (9.2%, w/w, Fluka Chemika, Buchs, Switzerland),
and adipic acid (1.8%, w/w, Fluka Chemika, Buchs,
Switzerland) were added to hot water (72.1%, w/w,
temperature ∼80°C). The mixture was stirred, maintaining
the temperature at ∼80°C, until a clear solution was formed.
The solution was then cooled to 60°C, and glycerol (1.0%, w/w,
Merck, Darmstadt, Germany) was added. The mixture was then
gradually cooled to room temperature while stirring. All others
chemicals were of analytical grade.

Film Preparation

Films containing lidocaine HCl were prepared as previously
described (7). The composition of the mixtures to be laminated is
reported in Table I. Lidocaine HCl was dissolved in a mixture of
water and plasticizer (sorbitol). Permeation enhancers (Azone®

or sodium taurocholate) were incorporated, and the solution/
suspension was then added to the PVA 20% (w/w) water
solution and to the adhesive Plastoid® E35H and mixed
overnight. The mixtures were spread on siliconized paper using
a film casting knife (BYK Gardner, Silverspring, USA; gap
450 μm) and oven-dried at 80°C for 30 min. The films were
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covered with a second siliconized paper and sealed in aluminum
pouches.

In Vitro Permeation Test

Esophageal epithelium was prepared according to Diaz
del Consuelo et al. (8). The esophageal mucosa was separated
from the outer muscle layer with a scalpel, and the epithelium
was peeled off from the connective tissue after immersion in
distilled water at 60°C for 120 s. Samples obtained were frozen
until use.

Permeation experiments were performed using Franz
type diffusion cells with an available diffusion area of
0.6 cm2. Esophageal isolated epithelium, spread over a 0.45-
μm regenerate cellulose filter, was mounted between the two
compartments of the cell with the connective side facing the
membrane. Phosphate buffer solution pH 7.4 (5.98 g
Na2HPO4∙12H2O, 0.19 g KH2PO4, and 8.80 g NaCl per liter
of distilled water adjusted with phosphoric acid to pH 7.4) was
used as the receptor medium, maintained at 37±1°C, and
magnetically stirred at 300 rpm. After application of the test
formulations on the donor side, 300-μl aliquots were collected
from the receptor at designed time intervals and replaced by
the same volume of fresh buffer to maintain a constant
volume. As donor, 0.7 ml of lidocaine hydrochloride water
solution (0.5% w/v expressed as base, pH 6.8) or films were
used. Before the application of film formulations, the
epithelial side of the tissue was dried, and 30 μl of phosphate
buffer (2.38 g Na2HPO4, 0.19 g KH2PO4, and 8.00 g NaCl per
liter of distilled water adjusted with phosphoric acid to pH
6.75) was spread on the surface to simulate the salivary film
(9). The amount of lidocaine transported was determined by
HPLC. Diffusion experiments were conducted using tissue
from at least four animals.

In the case of solution, permeation data were analyzed
using a first-order model equation (Eq. 1) (10):

ln Mt=M∞ ¼ − A� Pð Þ=Vð Þ � t ð1Þ

where Mt/M∞ is the fraction of drug present in the donor
chamber at time t (in seconds), A is the permeation area

(in square centimeters), V is the donor volume (in milliliters),
and P is the permeation coefficient (in centimeters per second).
P was calculated from the slope of the linear regression analysis
of the data.

For polymeric films, permeation data were analyzed
using the Higuchi model, and permeation rate was calculated
using Eq. 2

Q ¼ K t
1=2 ð2Þ

where Q is the amount of lidocaine permeated per unit area
(in micrograms per square centimeter), t is time (in hours),
and K is the permeation rate (in micrograms per square
centimeter per square root of hour).

Chromatographic Conditions

Lidocaine was quantified using an HPLC system con-
sisting of a PerkinElmer liquid chromatograph (PerkinElmer,
Norwalk, CT, USA) equipped with a Varian ProStar 410
autosampler (Palo Alto, CA, USA). Analytes were separated
by Waters Nova-Pak® C8 (4 μm, 3.9×150 mm) (Milford,
MA, USA) column maintained at 30°C. The mobile phase
consisted of a mixture of methanol and ammonium dihydrogen
phosphate buffer (0.277 mM) adjusted to pH 7. The flow
rate was 0.9 ml/min. The eluted substance was monitored at
220 nm. In these conditions, the retention time of lidocaine
was 7.6 min. The analytical method was validated according to
USP 34 (11).

Statistical Analysis

Results are expressed as the means of at least eight
experiments ± SD. Statistical analysis was performed
using ANOVA followed by Dunnet or Bonferroni post
test (GraphPad Prism 5, GraphPad Software Inc., San
Diego, CA, USA). The chosen level of significance was
p<0.05.

Table I. Composition of theMixtures Used for Film Preparation (in percent,w/w) andLidocaineContent on Finished Products (MeanValues ± SD)

Component A B C D E F

PVA 83 Ka 84.0 – 56.0 – 55.8 55.1
PVA 115 Ka – 84.0 – 56.0 – –
Plastoid E35H – – 27.0 27.0 26.9 26.6
Sorbitolb 4.0 4.0 4.0 4.0 4.0 3.9
Lidocaine HCl 7.2 7.2 8.0 8.0 8.0 7.9
Sodium taurocholate – – – – 0.3 –
Azone – – – – – 1.6
Water 4.8 4.8 5.0 5.0 5.0 4.9
Drug contentc

mg/cm2 1.70±0.07 1.89±0.22 1.83±0.21 2.06±0.44 2.09±0.44 2.05±0.15
% (w/w) 19.30±0.63 21.61±2.38 19.93±2.50 23.89±3.92 20.29±2.40 20.99±2.50

PVA polyvinyl alcohol
aAs 20% (w/w) water solution
bAs 70% (w/w) water solution
cAs lidocaine base

1280 Padula et al.



RESULTS AND DISCUSSION

Permeation from Aqueous Solution

The first part of this work concerned the evaluation of the
suitability of pig esophageal epithelium as a barrier for the
study of lidocaine permeation. Pig buccal mucosa is often used
in in vitro permeation studies as a model for human buccal
mucosa. Both tissues are nonkeratinized and showed to be
very similar in terms of structure and permeability (12). How-
ever, mucosal tissue from pig cheeks is often damaged by
mastication and is strongly attached to the muscular tissue;
thus, the excision is difficult and time consuming. Diaz del
Consuelo and collaborators proposed pig esophageal mucosa
as a valid permeability barrier model for buccal tissue (8). In
their studies, they found that esophageal and buccal epitheli-
um have a comparable structure and that in both cases, the
permeability barrier is represented by intercellular lipids,
whose composition resulted to be very similar both qualita-
tively and quantitatively (13). Esophageal epithelium is less
damaged and has a more uniform thickness, if compared to
buccal epithelium, and its separation from muscular tissue is
very easy. The authors have also shown that the in vitro
permeability of fentanyl across the two tissues is very similar
(14, 15). Similar results have been reported for carbamaze-
pine, but not for triamcinolone (16), to point out that the
model is promising but that the physicochemical properties
of permeants could have a relevant effect. Therefore, a pre-
liminary evaluation of lidocaine permeation across esophageal
epithelium was necessary.

Lidocaine permeation was studied from aqueous solution
(0.5%, w/v, pH 6.8) in the same conditions used by Kokate et
al. (17) across fresh porcine buccal tissue. The permeation
data obtained through esophageal fresh and frozen tissue are
reported in Fig. 1a. The permeation profiles were not linear as
a function of time but showed a reduction of the permeation
rate due to the depletion of the donor, since the amount of
lidocaine permeated after 8 h exceeded 50% of the applied
dose. For this reason, a first-order equation (Eq. 1) was used
to process the data (Fig. 1b) and calculate the permeability
coefficient (P) that resulted in 7.78±0.62×10−6 and 7.25±
0.75×10−6 cm/s, respectively, for fresh and frozen esophageal
tissue. Both values are approximately half of that reported by
Kokate (17.0±1.8×10−6 cm/s) for buccal mucosa. No
difference was found between fresh and frozen tissue,
indicating that freezing does not affect the permeation
barrier properties of esophageal epithelium and that fresh
tissue can be substituted by frozen tissue in permeation
studies of lidocaine.

Permeation from Polymeric Films

The second part of the work was devoted to the prepara-
tion of buccal films containing polyvinyl alcohol. The film
composition is shown in Table I. To evaluate the film perfor-
mance, we measured the permeation of lidocaine across the
esophageal epithelium and not drug retention in the epitheli-
um. In fact, in a recent work on liposomal benzocaine gel
formulation (18), a correlation between in vitro permeation
parameters and in vivo topical anesthesia was studied. Results
obtained showed that drug flux across pig esophageal epithelium

was strongly correlated with in vivo anesthetic efficacy, while
mucosal drug retention was not correlated with any of the in vivo
parameters.

Polymeric films are relatively recently developed dosage
forms for buccal delivery. They are more comfortable and
flexible than adhesive tablets and exhibit higher residence
time on the mucosa, compared to gels and ointments that
can be easily washed away by saliva.

The list of polymers used for the formulation of buccal
mucoadhesive films includes, among others, chitosan,
hydroxypropylcellulose, polycarbophil, and Eudragit S-100
(19). For this work, we decided to use PVA because it is a
well-known polymer, widely used in the pharmaceutical field
with good hydrogen bonding capacity, an important charac-
teristic for bioadhesion.

The first formulation prepared was a film of PVA con-
taining 20% (w/w) of lidocaine. Two different films were
prepared using PVA of different molecular weights, 83 and
115K (Table I, formulations A and B), in order to evaluate the
effect of this parameter on lidocaine permeation across pig
esophageal epithelium. Figure 2 reports the results obtained.
Permeation rate, calculated using Eq. 2, resulted to be 92.58±
28.75 and 114.00±51.95 μg cm−2 h−0.5, respectively, for
formulations A and B. No significant difference was observed

Fig. 1. Lidocaine permeation across fresh and frozen esophageal
tissue from aqueous solution (0.5% w/v, pH 6.8) (mean values ±
SD). a Permeation profiles. b Data processed using Eq. 1
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(p>0.05); it means that PVA molecular weight has no effect on
lidocaine permeation.

The composition of polymeric films was then modified by
introducing Plastoid® E 35 H, an adhesive hydrophilic mixture.
The presence of Plastoid® increased lidocaine permeation
(Fig. 2) both in the case of PVA 83K (formulation A vs C) and
of PVA 115 K (formulation B vs D). However, it did not modify
the permeation kinetics; in fact, the Higuchi model (Eq. 2) can
still be used to calculate the permeation rate (Table II). The
difference between formulations C and D was not statistically
significant.

The effect of Plastoid® on lidocaine permeation was
already observed across the skin (20). Plastoid® is a mixture
of acrylic polymer (Eudragit® E 100) with lauric and adipic
acid; lauric acid is able to form ion pairs with lidocaine, and
this results in an increased transdermal flux because of higher
lipophilicity (21). The same mechanism of action was
proposed for sumatriptan transport across buccal mucosa
(22). To verify this hypothesis, the composition of film A was
modified by introducing lauric acid. The amount added
corresponded to that present in film C. The permeation
profile obtained was superimposed to that obtained from
film A (data not shown). Thus, the increase in permeation
observed in the presence of Plastoid® is not ascribable to the
formation of ion pairs, but is probably due to the higher
adhesion and more intimate contact of the film to the tissue
because of the formation of additional hydrogen bonding with
the acrylic polymer (19). On the basis of the results obtained,
the best permeation performances were obtained with films
containing Plastoid®. The effect of PVA molecular weight was
negligible also in this case, and the study continued only on
the film with PVA 83 K (formulation C) because of the higher
water solubility of the polymer. Different enhancement
strategies were then applied to this film.

Occlusion is a very simple method to enhance the perme-
ation of a drug across the skin (23, 24). In the present work,
the use of an occlusive backing was mainly used to avoid the
release of lidocaine in the oral cavity, thus reducing systemic
absorption. The effect of the presence of an impermeable
backing on the permeation of lidocaine across the esophageal
epithelium is shown in Fig. 3 (C vs C+occlusion). Occlusion
did not modify the permeation profile, as expected with a
nonkeratinized tissue, such as the esophageal epithelium (8),

characterized by high water content and constantly in contact
with saliva.

The use of chemical permeation enhancers was then con-
sidered. Bile salts were successfully used to promote drug
absorption across different epitheliums such as nasal, pulmo-
nary, ocular, and vaginal (25). The buccal penetration en-
hancement of sodium taurocholate has been reported for
peptides and alpha interferon (26) and for insulin (27). The
amount of lidocaine permeated did not increase in the pres-
ence of sodium taurocholate (Fig. 3, formulation C vs E).
Similar results were reported by (28) for thiocolchicoside,
stressing that the effect of the chemical enhancer depends on
the permeant (25). The other chemical enhancer tested was
Azone®. Azone® (laurocapram) is a hydrophobic nonionic
molecule extensively used as transdermal penetration
enhancer (29) that also has found use in buccal drug delivery
(30). In some cases the enhancing effect of Azone® was
demonstrated using hamster cheek buccal mucosa (30) that
is a keratinized tissue with a structure very similar to the
stratum corneum. When tested on nonkeratinized tissue, the
effect is controversial since some authors report an increase of
the flux (31, 32) while others report no effect or a reduction of
the flux (33, 34), pointing out that, also in this case, the effect
depends on the permeant. In our study, the presence of
Azone® in the film produced a significant increase of both
flux and amount permeated (p<0.0001) when compared to the
control (Table II and Fig. 3, formulation C vs F).

The different performance of the two enhancers tested
could be ascribed to their different mechanism of action. In

Fig. 2. Lidocaine permeation profiles across esophageal tissue from
polymeric films (mean values ± SD)

Table II. Lidocaine Permeation Parameters Across Esophageal Mu-
cosa from Polymeric Films (Mean Values±SD)

Formulation Permeation rate (μg cm−2 h−0.5)

A 92.58±28.75
B 114.00±51.95
C 187.16±39.18
C occluded 172.59±34.64
D 213.06±35.48
E 227.87±34.97
F 334.05±89.88

Fig. 3. Lidocaine permeation profiles across esophageal tissue from
polymeric films against the square root of time (mean values ± SD)
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fact, it is reported that bile salts in buccal mucosa mainly alter
paracellular or polar transport and have limited effect on
lipophilic compound (as lidocaine is; logP 2.6). On the con-
trary, Azone® acts by improving partitioning of lipophilic drug
in the buccal mucosa and then can be responsible for an
increased concentration gradient and transmucosal flux (30).

CONCLUSIONS

Film-forming polymer molecular weight has no effect on
lidocaine permeation across pig esophageal epithelium, since no
significant difference on lidocaine permeation rate was ob-
served. The addition of Plastoid® E35H determined a
significant increase of the lidocaine permeation rate, probably
due to the higher adhesion of the film to the tissue because of the
formation of additional hydrogen bonding with the acrylic
polymer. Among the permeation enhancers studied, Azone®

effectively promoted lidocaine transport compared to the
control film while sodium taurocholate did not have any effects.

The results obtained in this paper represent an interesting
starting point for the realization of a convenient formulation
for local anesthesia. The use of a mucoadhesive film, in fact,
could avoid the drawbacks of semisolid formulations such as
the low residence time, assuring, at the same time, a suitable
drug release to the mucosa.

Additionally, the study performed in the present work
using Azone® and sodium taurocholate can contribute to
increasing the knowledge on the mechanisms of action of these
enhancers on the buccal mucosa, a topic that has not been fully
understood and still need additional experimental data.
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